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Abstract

Currently, it is still unknown whether human immune deficiency virus (HIV)-related
structural alterations in the brain are dependent on age. With people living with HIV
at different ages, we aim to investigate age-specific structural alterations in HIV
patients. Eighty-three male HIV patients and eighty-three age-matched male controls
were enrolled, and high-resolution T1 weighted images were collected and analyzed
with four morphological metrics. Then, statistical analyses were respectively con-
ducted to ascertain HIV effects, age effects, and medication effects in brain structure
of HIV patients, and the relationship with neuropsychological evaluations were fur-
ther explored. Finally, discriminative performances of these structural abnormalities
were quantitatively testified with three machine learning models. Compared with
healthy controls, HIV patients displayed lower gray matter volumes (GMV), lower
gyrification index, deeper sulcus depth, and larger cortical thickness (CTH). Age-
specific differences were found in GMV and CTH: young-aged HIV patients displayed
more obvious morphological alterations than middle-aged HIV patients when com-
paring corresponding age-matched healthy controls. Furthermore, age-specific long-
term medication effect of combination antiretroviral therapy were also presented.
Additionally, several subcortical structural changes were negatively associated with
language, attention and motor functions. Finally, three machine learning models dem-
onstrated young-aged HIV patients were easier to be recognized than middle-aged
HIV patients. Our study indicated young-aged HIV patients were more vulnerable to
HIV infection in brain structure than middle-aged patients, and future studies should

not ignore the age effect in studying the HIV-related abnormalities.
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1 | INTRODUCTION

With the successful treatment of combination antiretroviral therapy
(cART),
neurocognitive disorders has become the major concern for HIV

human immune deficiency virus (HIV) associated
infected patients (Heaton et al, 2010) and caused a series of
neurocognitive deficits such as memory, language impairments that
seriously affect the quality of daily living for HIV patients (Saylor
et al,, 2016). Several studies have reported people living with HIV are
at high risk of age-related comorbidities (Kooij et al., 2016; Schouten
et al., 2014) and displayed accelerated brain aging (Kim-Chang
et al., 2019; Kuhn et al., 2018) even in viral suppression, which indi-
cated the influences of HIV on the aging process in human brain (Chu
et al., 2018; Hakkers et al., 2017).

Currently, the age of new HIV infection patients becomes youn-
ger, and the majority is between 20 and 50 years old in China with
middle-aged patients (between 30 and 40 years old) showing the
highest prevalence (Qiao et al., 2019). Meanwhile, the young-aged
patients who are acquired HIV through homosexual sex increase
largely in recent years, accounting for 21% of new HIV infection in
United States (Johnson et al., 2014). Compared with the middle-aged
patients, young-aged HIV patients are more vulnerable to stroke
(Benjamin et al., 2016) and cognition impairments (Hosek &
Zimet, 2010), indicating there may be unique brain changes in young-
aged HIV patients. Moreover, even during the adulthood, the human
brain does not keep unchangeable and has to adapt to complex cir-
cumstances like learning, experience, and cognitive reserve (Lovden,
Wenger, Martensson, Lindenberger, & Backman, 2013). In this condi-
tion, we hypothesized that age-specific brain alterations may exist in
HIV patients especially for young-aged and middle-aged HIV patients.

Structural magnetic resonance imaging (sMRI) could be quantified
by plenty of brain structural metrics such as volume and cortical thick-
ness (CTH), which have been widely used in HIV diseases (Correa
et al., 2016; MacDuffie et al., 2018; Sanford et al., 2017; Sanford,
Ances, et al., 2018). For example, gray matter volumetric alternations
in putamen and caudate were observed in earliest HIV-infected state
(Kallianpur et al., 2020) and in primary HIV infection durations (Ragin
et al., 2012), and played a key role in the multimodal classification for
HIV patients (Sui et al., 2020). In addition, stable cART was reported
to alleviate the volume reduction in chronically HIV infected patients
with longitudinal and cross-sectional observations (Cole et al., 2018;
Sanford, Ances, et al., 2018; Sanford, Fellows, Ances, & Collins, 2018).
Although many achievements have been obtained in HIV patients
with sMRI, few studies have been specially conducted for the age-
dependent HIV structural alterations from young-aged to middle-aged
adulthood, and it is also unknown whether multiple morphological
metrics may gain consistent findings.

To clarify these issues, we recruited young- and middle-aged HIV
infected individuals and age-matched HIV uninfected controls, and
combined multiple structural metrics including gray matter volume
(GMV), CTH, gyrification index (Gl), and sulcus depth (SD) to compre-
hensively investigate the age-dependent brain alterations for HIV

patients. In addition, the relationship between structural alterations

and neurocognitive test scores were explored, and the classification
models with these structural alterations were also constructed with
three machine learning algorithms. We speculated HIV infected indi-
viduals would display age-dependent structural changes in the brain
with four structural metrics, and the age-dependent structural
changes would better discriminate HIV infected patients from healthy
controls. Moreover, since age-dependent structural changes exist in
HIV patients, age-dependent long-term medication effects in brain

morphology may also exist.

2 | MATERIALS AND METHODS

21 | Participants

Totally, 83 patients with HIV infection and 83 demographically mat-
ched healthy control (HC) were recruited from the Department of
Radiology, Beijing Youan Hospital. All subjects were male with age
between 20 and 50 years. All HIV patients were infected through sex-
ual transmission. Participants were excluded from the study if they
had a history of neurological diseases or opportunistic central nervous
system infection, traumatic brain injury, substance or alcohol abuse,
depression, hepatitis B, or C coinfection. Demographic and clinical
information on gender, age, CD4+ T cell count, ratio of CD4 and CD8+
T cell, duration of diagnosis and duration of cART were collected in
HIV infected patients and summarized in Table 1. There was no signif-
icant difference in age (p = .403) but significant difference was shown
in total intracranial volume (TIV) (p =.005) between HIV and HC
groups. The correlations between demographic information of HIV
patients and age were shown in Table S1. In order to ascertain the
age-dependent structural alterations, the subjects were further
divided into two typical age subgroups: young-aged (20-30 years old)
and middle-aged (31-50 years old) groups. Specifically, there were no
significant differences between young-aged and middle-aged HIV
groups in TIV, CD4+ T cell count, CD4/CD8 ratio and months since
diagnosis except medication duration (p =.008). This study was

TABLE 1  The demographical information of all subjects
HIV HC
Number of subjects 83 83
Age (years) 31.19 (6.66) 30.23 (8.07)
Age (young/middle) 44/39 47/36
TIV (mm3) 1,569.26 (120.64) 1,515.77 (121.44)
CD4 (counts/cells) 504.66 (203.22)
CD4/CD8 ratio 0.65 (0.41)
Months since diagnosis 34.7 (34.6)
Months since medication 26 (22)

Note: Young, age between 20 and 30 years; middle, age between 31 and
50 years. Data were expressed as the mean (standard deviation).
aSignificant difference between groups.

Abbreviations: HC, healthy control; HIV, human immune deficiency virus;
TIV, total intracranial volume.
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approved by the Research Ethics Review Board of Beijing Youan Hos-
pital in accordance with the declaration of Helsinki, and all volunteers
provided informed consents.

Moreover, medication is another factor that may influence the
brain structure in HIV patients, thus the subjects were further divided
into two subgroups by medication duration: short medication duration
(<19 months, which is the median of all medication duration) and long
medication duration (>19 months). In total 83 HIV subjects, 17 sub-
jects had no history of taking drugs, and 3 subjects took medication
less than 10 days, who were excluded for further analysis. Sixty-three
patients with HIV infection were finally enrolled, and underwent the
cART consisting of tenofovir/lamivudine/efavirenz or tenofovir/lami-
vudine/lopinavir/ritonavir, which resulted in the same CNS penetra-
tion effectiveness score for each subject (Eggers et al., 2017; Schmidt
et al., 2021). Table 2 listed the detailed information of subjects in each

subgroup.

2.2 | Neuropsychological tests

In order to comprehensively assess the cognitive abilities of the HIV
subjects, six cognitive domains were evaluated: Language fluency
(Animal Verbal Fluency Test), Attention (Continuous Performance
Test-ldentical Pair; Wechsler Memory Scale; Paced Auditory Serial
Addition Test), Executive function (Wisconsin Card Sorting Tests),
Memory (Hopking Verbal Learning Test; Brief Visuospatial Memory
Test), Speed of information processing (Trail Marking Test A), and
Motor function (Grooved Pegboard test, dominant and nondominant)
(Table 2). The differences in the cognitive domain between young-

aged and middle-aged HIV patients are listed in Table S2.

TABLE 2

2.3 | Structural MRI acquisition

All participants took MRI scanning using a 3 T whole-body scanner
(Siemens, Erlangen, Germany) with a 32-channel head coil at Beijing Youan
Hospital. The imaging protocol included T1-weighted three-dimensional
magnetization prepared rapid acquisition gradient echo sequence (repeti-
tion time/echo time/inversion time = 1,900/2.52/900 ms; voxel
size = 1.0 x 1.0 x 1.0 mm?3; flip angle = 9°). All imaging data were obtained

after neuropsychological testing.

2.4 | Structural image processing

The morphological analyses of structural MRI data were performed
with the Computational Anatomy Toolbox (http://www.neuro.uni-
jena.de/cat/). Briefly, the structural MRI data was firstly skull stripped
and corrected for bias-field inhomogeneity. For voxel-wise GMV mea-
surement, images were then segmented and normalized to the MNI
standard space by DARTEL algorithm. Modulation was applied to pre-
serve the volume of GM and all GM images were smoothed with
4-mm FWHM Gaussian kernel.

indexes, the cortical surface was then reconstructed as the tessella-

For vertex-wise morphological

tion with thousands of triangles. Subsequently, surface inflation and
registration to spherical atlas were performed, and the reconstructed
surfaces were corrected for topological defects. Finally, three mor-
phological features were computed at the vertex level, including CTH,
Gl, and SD. CTH represents the closest distance between the white
and pial surfaces at each vertex on the tessellated surface. Gl and SD
are morphological indexes to assess the complexity of cortical surface:

Gl is defined as absolute mean curvature at each vertex, while SD

Demographical and neuropsychological information of medicated HIV patients

Medicated HIV patients (N = 63)

Young age group

Middle age group

Medication duration Short-term
Number of subjects 18
Age (years) 27.4(2.2)
CD4 (counts/cells) 487.4 (160.3)
CD4/CD8 ratio 0.66 (0.54)
Months since diagnosis 8(7.47)
Months since medication .8(6.2)
Cognitive domain
Language fluency 449 (10.5)
Attention 38.4(7.5)
Executive function 56.1(9.2)
Memory 42.5(8.0)
Speed of information processing 42.2(8.8)
Motor function 46.1(9.4)

Long-term Short-term Long-term
12 14 19
26.6(2.3) 36.6 (4.9) 37.7 (5.2)
454.2 (250.5) 480.0 (200.7) 492.8 (189.0)
0.71 (0.46) 0.70 (0.49) 0.55 (0.28)
31.73 (10.97) 18.25(9.4) 54.50 (34.62)
31.33 (12.0) 14.6 (5.2 47.2 (26.2)
45.0(6.1) 46.9 (8.3) 48.8 (11.1)
41.3(5.8) 43.6 (6.5) 44.6 (5.8)
55.9 (11.7) 53.9 (8.0) 57.3(8.8)
40.8 (6.6) 42.0(6.8) 47.2(8.4)
44.4(7.1) 44.9 (7.6) 47.4 (8.4)
42.6 (7.4) 43.8(11.2) 48.7 (12.0)

Note: Short-term, medication duration less than 19 months; long-term, medication duration longer than 19 months. Data were expressed as the mean (SD).

Abbreviation: HIV, human immune deficiency virus.
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measures the Euclidean distance between the central surface and its

convex hull.

2.5 | Statistical analysis

All statistical analyses were conducted using Statistical Parametric
Mapping, Version 12 (Ashburner et al., 2018). First of all, the global
mean of each morphological metric for whole cortical area were com-
pared between HIV and HC groups. After that, three different levels
of voxel/vertex-wise statistical analyses were conducted consecu-
tively. (a) HIV effects: the HIV structural abnormalities were detected
using the four structural MRI metrics on the whole dataset (without
age subgroups) through independent two-samples t test. (b) Age
effects: the whole dataset was further divided into two age subgroups
(young vs. middle age), and the differences between HIV and HC were
again compared with the above-mentioned statistical process in each
age subgroup. (c) Medication effects: in order to further control the
influences of medication on brain structure, two age subgroups were
further grouped by the medication duration (long-term vs. short-term),
and the structural abnormalities in HIV were examined in each age
subgroups with equivalent medication duration. All the statistical ana-
lyses were corrected using cluster-level family wise error (FWE) with
a threshold of 0.05 and peak-level correction with a threshold of
0.001. Notably, in the statistical analyses of HIV effects and Medica-
tion effects, age was used as a covariate to regress out age influences,
and TIV was only taken as a covariate to correct for individual head
size differences in the GMV comparison.

Finally, the correlation analysis between six cognitive scores and
structural abnormalities from four morphological metrics were respec-
tively calculated in all HIV patients. The data distribution was evalu-
ated using Kolmogorov-Smirnov test, and each cognitive score did
not conform to the standard normal distribution. Therefore, nonpara-
metric Spearman correlation was used to calculate the correlation
coefficients between morphological features and cognitive scores,
and p <.05 was thought as a significance level in the correlation
analysis.

2.6 | Classification model construction

In order to quantitatively compare the discriminative performances of dif-
ferent morphological features, support vector machine (SVM) was
adopted to construct the classification model for HIV patients. In addi-
tion, random forest (RF) and extreme learning machine (ELM) were also
used to verify the SVM results. All models employed 10-fold cross valida-
tion to evaluate the classification performance. SVM was carried out by
LibSVM  (https://www.csie.ntu.edu.tw/~cjlin/libsvm/) with radial-based
function as basis kernel, and recursive feature elimination was used to
determine an optimal feature subset with the most discriminative perfor-
mance for classification. RF is an ensemble of numerous decision tree
classifiers that generated through randomized feature subset sampling

and bagging, and was conducted by Random Forests package (https://

cran.r-project.org/web/packages/randomForest/). ELM is a type of
feedforward neural network proposed by Guang-Bin Huang and
Siew (2006), which could provide good generalization performance with
extremely fast learning speed (Zhang, Liu, Chao, Zhang, & Zhang, 2018),
and it was implemented with the code (https://personal.ntu.edu.sg/
egbhuang/elm_codes.html).

3 | RESULTS

3.1 | HIV abnormalities on whole dataset for each
structural metric

Differences between HC and HIV patients for each metric were firstly
detected with the whole dataset. At the global mean level, there was
no significant between-group difference in GMV, while significant dif-
ferences were observed in CTH, GI, and SD between HIV and HC
(Figure S1). At the voxel/vertex level (Figure 1), GMV reduction was
observed in HIV at bilateral thalamus, hippocampus, superior temporal
regions, left inferior and middle temporal gyrus, fusiform,
parahippocampus, lingual gyrus, putamen, pallidum, and right insula.
HIV patients also displayed significantly larger CTH at bilateral frontal,
parietal regions, precentral gyrus, postcentral gyrus, posterior cingu-
late cortex, supramarginal gyrus, insula, left cuneus, and right
precuneus. Moreover, lower Gl at the bilateral superior temporal
gyrus, insula and left precentral gyrus, postcentral gyrus, and deeper
SD at right precentral gyrus and pars opercularis were found in HIV
patients. Notably, there were several consistent abnormalities (“circle”
label in Figure 1) among four structural metrics between HIV and HC
groups: GMV, CTH, and Gl detected consensus region in left insula,
while CTH and Gl reported common abnormality in left precentral
gyrus and CTH and SD in right precentral gyrus. All abnormal regions
were reported based on Desikan-Killiany atlas in the study (Desikan
et al., 2006).

3.2 | Age-dependent structural alterations for each
structural metric

First, a full factorial design was carried out to investigate the inter-
action between HIV diagnosis and age on brain structure. For each
structural feature, significant interaction effect between HIV and
age was found (p < .05, FWE correction). Subsequently, the age-
dependent effects for each structural metric were discovered
through further inter-group comparisons. The GMV and CTH dif-
ferences between HIV patients and HC at different age subgroups
are displayed in Figure 2, and the GMV and CTH differences
between young-aged and middle-aged HIV/HC subjects are illus-
trated in Figure S2. The detailed brain locations for the above-
mentioned statistical comparison are summarized in Tables S3-S6.
The corresponding Gl and SD differences are listed in the supple-
mentary Figures S3 and S4. Notably, the differences between HIV
and HC in young-aged group were more severe than that in
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FIGURE 1 T-value maps
exhibiting significant between-
group differences (healthy control
[HC] > human immune deficiency
virus [HIV]) on whole dataset for
each structural metric (a, gray
matter volumes [GMV]; b, cortical
thickness [CTH]; ¢, gyrification
index [GI]; d, sulcus depth [SD]).
Consensus brain regions among
different metrics are marked with
circles, and circles with same
color represent the consistent
abnormalities with different
metrics

Precentral

@

Precentral

@ &

D @ D

No significant clusters

FIGURE 2 Significant differences (healthy control [HC] > human immune deficiency virus [HIV]) on gray matter volumes [GMV] and cortical
thickness [CTH] between HIV patients and HC at different age subgroups
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middle-aged group, demonstrating age-dependent HIV structural
alterations in brain. In addition, HC suffered obvious structural
alterations than HIV patients from young-aged to middle-aged
adulthood (Figure S2).

3.3 | Long-term medication effects for each
structural metric

In this respect, HIV patients were further divided into long-term and
short-term medication duration subgroups in each age subgroup, gen-
erating a total of four subgroups (Table 2). The detailed between-
group brain regions are summarized in Table S7. Among all structural
metrics, there were only significant differences in GMV. In young-
aged HIV patients, long-term medication duration improved brain
atrophy to some extent, but in middle-aged HIV patients, there was

no significant improvement.

3.4 | Relationship with cognitive scores

The Language fluency, attention and motor function scores were
negatively correlated with global mean CTH (r = —.26/-.38/-.27,
p < .05). The motor function score was negatively correlated with
global mean SD (r = —.30, p < .05). Notably, there were outliers in
the scatter plot of language fluency and attention scores. After

excluding outliers, the correlation coefficients between language

80
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c 60— ° [ ] [ ]
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u_? ° 3 b ® °
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g ot (X : i
= ®
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= . o 9 .0 e
'g XY 4
= 20+ R=-0.27
P =0.028
0 I 1 1 1
2.4 26 2.8 3.0 3.2
CTH

FIGURE 3

fluency/attention scores and CTH were —0.32 and —0.39, respec-
tively (p < .01, Figure 3).

3.5 | Overall classifiers performance
In this study, three classification tasks for HIV diagnosis were con-

ducted as follows:

1. C1:all HIV versus all HC.
2. C2: young-aged HIV versus young-aged HC.
3. C3: middle-aged HIV versus middle-aged HC.

The classification accuracy, as well as sensitivity and specificity for
each classifier are listed in Table S8. GMV and CTH outperformed Gl and
SD in HIV identification, and combining the multiple morphological met-
rics together resulted in a better identification model. Among the three
classifiers, SVM obtained the best classification performance, which was
followed by RF and ELM (Figure 4). Notably, young-aged HIV patients
were more precisely identified than middle-aged HIV patients, also verify-

ing the age-dependent structural abnormalities in HIV patients.

4 | DISCUSSION

In this study, the major findings were that age played an interactive

role with HIV status on brain structure and young-aged patients were

80 @
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Correlation between cognitive scores and different morphological features (outliers are marked in red circles)
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more vulnerable to HIV infection. Several machine learning models
also demonstrated that the discriminative performances for young-
aged HIV patients were largely better than middle-aged HIV patients.
In addition, age-dependent medication treatment effect on brain
structure was also found in young-aged and middle-aged HIV patients.
Four structural metrics discovered widespread brain abnormalities in
HIV patients, which mainly located at thalamus, hippocampus, puta-
men, precentral gyrus, and postcentral gyrus. Furthermore, the HIV-
related structural changes were associated with cognitive functions.

In most cross-sectional studies, healthy controls are not divided
into young-aged and middle-aged subgroups because the adult brain
is thought stable during adulthood. However, neuroplasticity could
also cause obvious structural alterations in matured brain (Kwok

1.0+
0.8
° ° L
> * *
0.6 L 4
8 s * o
=2
(3]
< 047 ® & svm
® ¢ RF
0.2 ® ¢ EM
c2c3
0.0 T T T T T T

GMV CTH Gl SD ALL ALL+RFE
FIGURE 4 Classification performance comparison of three
classifiers in two identification tasks (C2: young-aged human immune
deficiency virus [HIV] vs. young-aged healthy control [HC]; C3:
middle-aged HIV vs. middle-aged HC)

Age threshold = 30

Age threshold = 35

FIGURE 5

et al., 2011; Schmidt et al., 2021; Ziegler et al., 2012), therefore, age-
specific structural changes in healthy controls should not be
neglected. In current study, widespread structural changes were found
between young-aged and middle-aged healthy controls (Figure S2),
demonstrating a nonuniform structural pattern in healthy controls. On
the other hand, if the healthy controls were not divided into age-
specific subgroups but used as the usual way, the discovered group
abnormalities looked largely different from the age-specific group
abnormalities, and the discriminative performance for HIV patients
was just moderate (best accuracy = 0.83) because some sensitive
information were biased by age. Additionally, there was no definite
age threshold for young-aged and middle-aged subjects, we just
selected 30 years old as threshold for the balanced samples in two
age subgroups. Moreover, we wondered whether the age-dependent
structural alterations in HIV patients would conserve in another age
threshold, so the age threshold was changed to 35 and the statistical
analysis were repeated accordingly. The results showed the age-
dependent structural alterations in HIV patients still existed, and even
the abnormality patterns were similar (Table $10, Figure 5). In addi-
tion, young-aged and middle-aged HIV patients also displayed distinct
long-term medication effects, and young-aged patients were more
beneficial to long-term duration of medication. Taken together, age
should not be overlooked in studying brain structural characteristics
of HIV patients.

Among four structural metrics, CTH was the most sensitive to
detect HIV-related structural abnormalities no matter on whole
dataset or on any age subgroups, which could also be demonstrated
by the classification performances in Table S8. For every single fea-
ture, CTH achieved the highest performance, while GMV, SD, and Gl
were relatively low. When they were combined together, the classifi-
cation performance would further improve, which was consistent with

5 0 5
T .

Structural differences between human immune deficiency virus (HIV) patients and healthy control (HC) at different age subgroups

under different age thresholds. (a) Gray matter volumes (GMV) differences between young-aged HIV patients and young-aged HC; (b) cortical
thickness (CTH) differences between young-aged HIV patients and young-aged HC; (c) GMV differences between middle-aged HIV patients and

middle-aged HC
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our previous study (Ma et al., 2020), implying that CTH could not replace
any other three metrics and other three metrics could provide their own
contributions to the HIV classification. Moreover, when detecting the
long-term medication effects, GMV was the only effective index to
detect the brain structural modulation by medication, indicating that CTH
was not always the optimal metric in any situation. Several studies have
also reported the sensitivity of volumetric MRI even in the early stage of
HIV infection (Becker et al, 2012; Benjamin et al, 2016; Wright
et al,, 2016). Therefore, combination of CTH and GMV may effectively
detect the HIV influences on brain structure. Moreover, the latent
differences between volume-based structural metric (e.g., GMV) and
surface-based structural metric (e.g., CTH) may arise from the regis-
tration manner, and registration accuracy and reliability of volume-
based structural metric could improve once some novel deep
learning-based registration algorithms (Fan, Cao, Wang, Yap, &
Shen, 2019; Fan, Cao, Yap, & Shen, 2019) are adopted.

Consistent with previous studies (Pfefferbaum et al, 2018;
Underwood et al., 2017; van Zoest et al., 2017), the abnormalities in
GMV/CTH were observed in HIV-positive patients compared with
HIV-negative controls, mainly including subcortical hippocampus, thal-
amus, putamen and insula. Subcortical shape analysis showed that
interactive effects of HIV and age existed especially in caudate, puta-
men, hippocampus, and thalamus (Kuhn et al., 2017). Previously, we
used resting-state fMRI to uncover that basal ganglia and frontal lobe
were related to serostatus conversion through simian infected
macaque model, and the longitudinal observations further pointed out
that precentral gyrus and anterior cingulate cortex were also involved
(Zhao et al., 2017; Zhao et al., 2019). Taken together, subcortical
regions exhibit structural vulnerability to HIV infection. Furthermore,
our results showed long-term therapy alleviated the tendency of
accelerating brain atrophy in HIV patients, which were consistent with
previous studies that discovered early initiation of HAART might be
beneficial to brain integrity (Becker et al., 2011; Sanford et al., 2017)
and may partially reverse the aging progression (Boban, Kozic, Brkic,
Lendak, & Thurnher, 2018). In addition, abnormalities in CTH and SD
were found correlations with cognitive attention and motor functions,
which were reported disruption in early HIV infection and related to
nigrostriatal pathways and prefrontal-subcortical circuitry (Chang,
Ernst, Leonido-Yee, & Speck, 2000; Everall, Luthert, & Lantos, 1991;
Goodkin et al., 2017).

Several limitations should be mentioned. (a) The subject number
is not large enough, and a multicenter dataset will further verify the
findings in the study. (b) Differences in short/long-term medication
duration remained between young-aged and middle-aged HIV
patients, which may bias the medication effects. Further studies could
be designed to use longitudinal data of both HIV patients and healthy
controls to prove the results.

5 | CONCLUSION

In this study, we firstly reported that the young adult HIV patients
suffered more severe structural damages than middle-aged HIV

patients, but were more beneficial in the long-term cART medication
than middle-aged HIV patients. Taken together, HIV-related structural
alterations are dependent on age, and future studies should control

the age information in order to ascertain the HIV-specific alterations.
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